OBJECTIVE. The potential association between short sleep duration or sleep problems and childhood overweight has not been well described. The objective of this study was to test the independent associations of sleep duration and problems with overweight risk in children.
MERGING RESEARCH HAS revealed sleep to be an important regulator of many physiologic functions, including energy balance, appetite, and weight maintenance. 1, 2 The relationship between sleep and weight has become a topic of great interest as US obesity rates reach record levels 3 and chronic sleep deprivation affects a growing percentage of American youth and adults. 4 Several studies have demonstrated that even modest reductions in sleep duration are associated with significant increases in obesity risk among adults. [5] [6] [7] [8] Sleep curtailment has also been linked to alterations in leptin and ghrelin levels and impaired glucose tolerance, suggesting that long-term reductions in sleep may set up hormonal changes that lead to weight gain. 2, 9 The link between sleep duration and obesity has been well established in adults, [5] [6] [7] but comparatively little is known about this relationship in adolescents and younger children. Several studies [10] [11] [12] involving 8000 Japanese children of the Toyama Birth Cohort showed an association between shorter sleep duration and increased overweight risk in age ranges of 3 to 7 years. Similar findings were reported using the Avon Longitudinal Study of Parents and Children, 13 a cohort of British children (96% white) that examined sleep duration at 30 months and overweight risk at 7 years. Three studies [14] [15] [16] have demonstrated this relationship in US children. Two of these demonstrated a concurrent association in racially diverse cohorts, although neither evaluated the potential confounding role of socioeconomic status (SES). Among 60 overweight children aged 10 to 17 years compared with matched control subjects, overweight was associated with significantly shorter sleep duration, 14 and among 383 children aged 11 to 16 years, decreased sleep duration was associated with increased overweight risk, independent of age, gender, and race. 15 The single US study that evaluated the potential longitudinal relationship between sleep and overweight found that among 150 children (primarily white and with well-educated parents), shorter sleep duration between the ages of 2 and 5 years was associated with increased overweight risk at age 9.5 years. 16 Collectively, these studies provide evidence for an association between shorter sleep duration and an increased likelihood of overweight in children, but their interpretation is limited by racial and/or socioeconomic homogeneity within the US cohorts or a lack of longitudinal data. Children's reported sleep habits and sleep problems differ by race and SES. [17] [18] [19] [20] Black children are reported to nap more frequently and until older ages than white children but get less sleep at night, 18 Hispanic adolescents are reported to have more insomnia than other ethnic groups, 19 and children of lower SES have later sleep onset and shorter sleep duration than children of higher SES. 17, 21 Because the prevalence of overweight in the United States also differs significantly by race and SES, [22] [23] [24] the association between sleep duration and overweight risk may be confounded by these characteristics. Our primary aim was to test the hypothesis that shorter sleep duration is associated with increased likelihood of overweight in US grade-school children independent of race and SES.
A secondary goal of this study was to evaluate the potential association between reported sleep problems and childhood overweight risk. Poor sleep quality has been associated with a lowered sense of well-being and decreased quality of life in young adults, 25 but its role in obesity is not well understood. Several studies 26, 27 have shown a link between obesity and obstructive sleep apnea in both adults and children; however, the highly specific nature of sleep apnea makes it difficult to extrapolate such findings to the report of more general sleep problems such as night waking, delayed sleep onset, and restlessness. Two studies with sample sizes of fewer than 500 subjects evaluated general sleep quality by using questionnaires in adults 7 or wrist actigraph measurements in children/adolescents 15 and found no association between poor sleep quality and obesity; however, a recent study 14 that used both questionnaire and actigraphy in 60 children between the ages of 10 and 17 years found a positive association between sleep disturbance and overweight. More recent work indicated that excessive daytime sleepiness in adults is associated with a higher prevalence of obesity, independent of obstructive sleep apnea and sleep duration. 28 We sought to test the hypothesis that the report of more sleep problems would be associated with increased risk for overweight in grade-school children.
Finally, we sought to determine whether the relationship between short sleep duration and increased likelihood of overweight, if identified, persisted when controlling for measures of quality of the home environment, parenting, and child behavior problems. We hypothesized that an identified relationship between shorter sleep duration and overweight may simply reflect an underlying lack of structure or suboptimal parenting in the home and therefore sought to test the potential confounding role of these factors. Sleep disturbance is a defining feature of affective disorders, 29 and behavior problems and affective disorders have been associated with an increased risk for overweight in children. [30] [31] [32] We hypothesized that behavior problems may underlie both short sleep duration and increased risk for overweight and therefore also sought to test this factor as a potential confounder.
METHODS
The sample was composed of children and their parents who were enrolled in the National Institute of Child Health and Human Development Study of Early Child Care and Youth Development (NICHD-SECCYD), 33 a longitudinal study of relations between child behavior and development, particularly in relation to child care experience. Families were recruited shortly after the birth of a child in 1991 from 10 areas of the United States, both urban and rural, and data were collected prospectively from birth onward. Details of the recruitment methods and sampling plan are available elsewhere. 34 The initial sample included 1364 children and was representative of the demographics of the catchment areas from which the sample was recruited. 33 By 6th grade, 1077 children were still enrolled in the study, 35 and 806 of them had anthropometric data in 6th grade. Much of the missing anthropometric data were accounted for by families' moving to other communities, which prevented them from attending the laboratory visits where the measurements were taken but allowed continued participation in questionnaires and telephone interviews. Children with missing anthropometric or sleep-duration data at 6th grade were excluded from the analysis, which resulted in a final sample size of 785 children (58% of the original cohort). This study was approved by the institutional review boards of all participating institutions.
Measurement of Sleep
Data regarding sleep duration and sleep problems were obtained by maternal report on the Children's Sleep Habits Questionnaire (CSHQ) 36 in 3rd and 6th grades, when children were on average 9.02 (SD: 0.31) and 11.61 (SD: 0.15) years of age, respectively. The CSHQ is a validated parent questionnaire regarding the child's sleep duration and problems, modified for use in the NICHD-SECCYD to consist of 28 items. 37 Sleep duration was based on maternal response to the question, "How much sleep does your child get each day (including naps)?" Mothers reported sleep characteristics on the remaining 27 items (Appendix) using a 3-point scale: 1 ϭ usually, 2 ϭ sometimes, and 3 ϭ rarely). Four summary scores were computed by the NICHD-SECCYD as the average of their contributing question items: bedtime problems, night waking problems, morning waking problems, and daytime sleepiness (Cronbach ␣ ϭ .60, .64, .74, and .65, respectively). We created a general sleep problems score by taking the mean of the 4 subscores. The possible range was therefore 1 to 3, with higher scores indicating more sleep problems.
Measurement of Overweight
Height and weight were measured during laboratory visits in 3rd and 6th grades by trained research assistants using a protocol standardized at all 10 sites. 38 BMI was calculated and child overweight defined dichotomously as a BMI of Ն95th percentile for age and gender based on National Center for Health Statistics norms. 39 BMI z score at 3rd grade was also calculated using these norms.
Covariates
Gender was included as a covariate given the association of male gender with shorter sleep duration and increased overweight prevalence. 11, 40 Race (categorized as white versus nonwhite) was included as a covariate because of the association of minority race/ethnicity with increased childhood overweight prevalence 22, 23 and sleep problems. [18] [19] [20] [21] Race was categorized in this manner because of the small number of children of each race/ethnicity besides white in this cohort. SES, indexed as years of maternal education, was included because of the association of lower SES with increased overweight prevalence, 41 shorter sleep duration, and more sleep problems. 21 Maternal education is correlated with income-toneeds ratio (family income relative to the poverty line, accounting for family size) in this data set (Spearman rank correlation ϭ 0.59, P Ͻ .001). Maternal education was used as the primary index of SES given that it provided a larger sample size.
For determination of whether an identified relationship between shorter sleep duration and overweight simply reflected an underlying lack of structure or suboptimal parenting, 3 additional covariates were considered. The CHAOS Scale 42 is a 15-item validated questionnaire that is completed by mothers in 3rd grade to assess the degree of environmental chaos in the home. Items are responded to as "true" (1 point) or "false" (2 points), thus resulting in a possible range of 15 to 30, with higher scores indicating more chaos in the home. The quality of the home environment in 3rd grade was measured by the Mid-Childhood Home Observation for Measurement of the Environment (HOME), one of the most widely used indices of the quality and quantity of stimulation and support available to a child in the home. 43 Information is obtained during a home visit via observation and interview. It is composed of 55 items, each of which is scored in a binary manner (yes/no), with scores therefore ranging from 0 to 55 and higher scores indicating higher quality home environments. The HOME has consistently been correlated with cognitive, language, achievement, and socioemotional outcomes. 44 For assessment of parental discipline strategies, mothers completed a questionnaire that was adapted from Greenberger's Raising Children Checklist 45, 46 when the child was in 3rd grade. We included the lax control subscale, which consists of the sum of responses to 9 items. Response choices ranged from 1 to 4 ("definitely no" to "definitely yes"), and subscale scores therefore ranged from 9 to 36, with higher values indicating more lax parenting (Cronbach ␣ ϭ .73).
Child behavior problems were assessed in 3rd grade via the Child Behavior Checklist (CBCL), a 99-item rating scale that is the most widely used assessment of behavioral problems in children. 47 Scores are presented as T scores, which have a mean of 50 and an SD of 10. A cutoff of 60 is frequently used to denote clinically signif-icant behavioral problems. We specifically tested the internalizing and externalizing subscale scores as covariates, given that sleep disturbance is a defining feature of affective disorders 29, 48 and the reported association of behavior problems and affective disorders with overweight in children. [30] [31] [32] 
Evaluation of Missing Data
We compared the sample with complete data for overweight status and sleep duration at 6th grade (n ϭ 785) with the sample without complete data for these 2 variables. Children without complete data had mothers with fewer years of education (mean [SD]: 14.0 [2.6] vs 14.4 [2.4] ; P ϭ .02). There was no difference in gender (P ϭ .16) or race/ethnicity (P ϭ .61).
Statistical Analyses
Analyses were conducted with SAS 9.1 (SAS Institute, Cary, NC). The primary outcome of interest was overweight status (yes versus no) in 6th grade. We first performed unadjusted bivariate analyses (t test for continuous variables and 2 for categorical variables) comparing each of our main effect sleep measures as well as each of our covariates (gender, race, maternal education, CHAOS score, HOME total score, lax-parenting subscale score, and CBCL internalizing and externalizing subscale scores) by the child's overweight status in 6th grade. We also evaluated the relationship between each of these covariates and mother-reported sleep duration and problems at 6th grade using t tests and correlation coefficients.
Adjusted Concurrent Relationship: Sleep Duration and
Overweight at 6th Grade A multiple logistic regression was used to test the independent relationship of sleep duration with overweight status concurrently at 6th grade, controlling for gender, race, and maternal education. The model was repeated to test the following covariates individually in the model one by one: mother-reported bedtime at 6th grade, mother-reported wake time at 6th grade, mother-reported sleep problems at 6th grade, CHAOS score at 3rd grade, HOME total score at 3rd grade, lax-parenting subscale score at 3rd grade, and CBCL internalizing and externalizing subscale scores at 3rd grade.
Longitudinal Relationship: Sleep Duration Between 3rd and 6th Grades and Overweight at 6th Grade
To test the longitudinal relationship of sleep duration in 3rd and 6th grades with overweight status at 6th grade, we created a model that included the main predictors of sleep duration in 3rd grade and change in sleep duration between 3rd and 6th grades. Covariates included gender, race, and maternal education. The child's BMI z score in 3rd grade was also included as a covariate to assess whether the relationship between sleep duration from 3rd to 6th grade and overweight at 6th grade was present independent of the child's weight status at the beginning of this time frame. The presence of a relationship while controlling for the child's weight status at the beginning of the period would provide evidence supporting a causal relationship between short sleep duration and increased likelihood of future overweight. We also tested the quadratic and cubic polynomial terms for the "change in sleep duration" variable and "change in sleep duration" in tertiles (tertile 1
Sleep Problems at 3rd and 6th Grades and Overweight at 6th Grade
Two logistic regression models were tested to evaluate the relationship between sleep problems and overweight at 6th grade. One model tested the general sleep problems score at 3rd grade as the main predictor of overweight at 6th grade controlling for gender, race, and maternal education. The second model tested the general sleep problems score at 6th grade as the main predictor of overweight at 6th grade while again controlling for gender, race, and maternal education. Adjusted odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) were calculated from all logistic regression models.
RESULTS
Characteristics of the sample in 6th grade are provided in Table 1 . Fifty percent of the children were male, 81% were white, and 18% (n ϭ 139 of 785) were overweight. Mothers reported that children slept on average 9.0 hours per night. Overweight children in 6th grade were more likely to be male; to be of minority race/ethnicity; and to have lower quality home environments, more internalizing behaviors, and mothers with lower education. Overweight children were reported to have shorter sleep duration in 6th grade than nonoverweight children.
Relationships between each of the covariates and mother-reported sleep duration and problems at 6th grade are presented in Table 2 . Boys were reported to sleep fewer hours, whereas girls were reported to have more sleep problems. Children of minority race/ethnicity were reported to have both shorter sleep duration and more sleep problems. There was a marginal but significant correlation between a higher CHAOS score and both shorter sleep duration and more sleep problems. Higher HOME scores were marginally but significantly associated with fewer sleep problems. Higher laxparenting subscores were marginally but significantly associated with shorter sleep duration, and higher CBCL internalizing and externalizing subscale scores both were marginally but significantly associated with shorter sleep duration and more sleep problems.
Adjusted Concurrent Relationship: Sleep Duration and Overweight at 6th Grade
Greater sleep duration was associated with a reduced concurrent likelihood of overweight in 6th grade adjusted for gender, race, and maternal education ( Table  3 ). The inclusion of bedtime significantly reduced the association between sleep duration and overweight risk (OR: 0.86; 95% CI: 0.69 -1.07; P ϭ .18). The inclusion of neither wake time nor general sleep problems score reduced the association between sleep duration and overweight risk. The inclusion of the CHAOS score, the HOME total score, the lax-parenting subscale score, or the CBCL internalizing or externalizing subscale scores did not alter the relationship between sleep duration and overweight risk. The CHAOS score, HOME total score, lax-parenting subscale score, and CBCL externalizing subscale score were also not independently associated with overweight in 6th grade in these models. The CBCL internalizing subscale score was, however, indepen- dently associated with an increased likelihood of overweight in 6th grade in this model (OR: 1.02; 95% CI: 1.00 -1.04; P ϭ .02).
We also tested the site of data collection as a potential confounder, as well as the interaction of data-collection site and sleep duration. The site of data collection did not alter the relationship between sleep duration and overweight risk, and the interaction term was not significant. We also retested the model including income-to-needs ratio instead of maternal education as an alternative measure of SES. Although this decreased the sample size to 758, the relationship between sleep and overweight risk remained unchanged (data available on request).
Longitudinal Relationship: Sleep Duration Between 3rd and 6th Grades and Overweight at 6th Grade
The model evaluating the longitudinal relationship of sleep duration between 3rd and 6th grades and overweight at 6th grade is shown in Table 4 . Longer sleep duration in 3rd grade was associated with a reduced likelihood of overweight in 6th grade. The relationship was present independent of gender, race, maternal education, change in sleep duration between 3rd and 6th grades, and the child's weight status in 3rd grade. Neither the quadratic nor the cubic polynomial term for change in sleep duration was significant in the model. Examination of the effect of change in sleep duration by tertiles indicated an independent increased likelihood of overweight in 6th grade for children in tertile 1 (greatest decline in sleep duration) compared with tertile 2 (OR: 3.48; 95% CI: 1.09 -11.12; P ϭ .04). An increase in sleep duration (tertile 3 compared with tertile 2) was not significantly independently associated with overweight (OR: 0.75; 95% CI: 0.25-2.30; P ϭ .62).
Sleep Problems at 3rd and 6th Grades and Overweight at 6th Grade
The general sleep problems score at neither 3rd grade nor 6th grade was associated with overweight risk at 6th grade in models adjusting for gender, race, and maternal education (Table 5) .
DISCUSSION
This study found that shorter sleep duration in 6th grade was independently associated with increased concurrent risk for overweight. In addition, shorter sleep duration in 3rd grade was associated with increased likelihood of future overweight in 6th grade, independent of the child's weight status in 3rd grade. For every additional 1 hour of sleep in 6th grade, the child was ϳ20% less likely (95% CI: 2%-35%) to be overweight in 6th grade. For every additional 1 hour of sleep in 3rd grade, the child was ϳ40% less likely (95% CI: 1%-64%) to be overweight in 6th grade. The protective effect of longer sleep duration was mediated by sleep onset rather than wake times.
To our knowledge, this study is the first to examine the association between short sleep duration and overweight risk in a relatively large US cohort. Previous studies that investigated the association between short sleep duration and overweight risk were limited by either a relatively small sample size or ethnic and socioeconomic homogeneity, making it difficult to ascertain whether the findings were easily broadly extrapolated. Our findings indicate that shorter sleep duration is associated with overweight risk in US children regardless of gender, race, or maternal education.
Children with sleeping disorders exhibit increased hyperactivity, inattention, conduct disorders, and aggression. 49, 50 Although in this study, externalizing behaviors alone did not seem to mediate the relationship between short sleep duration and increased overweight risk, it is possible that other factors that were not measured and that may mediate such a pathway are involved. Parents may use food to pacify sleep-deprived, irritable, and behaviorally dysregulated children. These children may also request food more often and eat beyond satiety; therefore, the effect of the sleep-deprived child's behavior on weight may vary on the basis of parenting style. The same parents who report less control over their child's intake may also be less strict about (or unable to control) their child's bedtime. We had hypothesized that the relationship between short sleep duration and overweight risk may therefore have been confounded by parenting behaviors, but our data did not support this hypothesis. It is possible that family climate, including the degree of interparental or parent-child conflict, acts as a confounder, and our measure of parenting did not assess these factors. We had also hypothesized, using the same line of reasoning, that children with more internalizing behavior problems may both have disrupted sleep and be more likely to be overweight, but the data also did not support a confounding role of internalizing behavior problems in the relationship between sleep duration and overweight risk. In short, if sleep problems and behavior problems devolve from the same underlying genetically or environmentally determined physiologic base, then our findings suggest that this common underlying mechanism is not the same mechanism that links sleep duration to overweight. In short, the temporal relationship indicated in this study, as well as the absence of confounding by a variety of covariates, supports hypotheses set forth by others previously regarding a biological link between sleep duration and obesity risk. The proposed physiologic mechanisms have involved changes in levels of circulating leptin and ghrelin, both of which have been implicated in the regulation of appetite. 1,2,9 Short sleep duration has also been shown to alter carbohydrate metabolism and lead to impaired glucose tolerance, which may also affect weight status. 2, 51 Apart from the direct influence of sleep on these parameters, there are significant endogenous circadian rhythms that affect circulating leptin, glucose, and insulin levels. 51 The release of leptin, which reduces appetite, seems to be regulated by the circadian pacemaker, 52 as well as increased by sleep. 53 Reduced sleep duration has been linked with reduced leptin secretion during a 24-hour period. 54 When sleep phase is shifted (with shift work being the most extreme example), perturbations in the stability of leptin levels would theoretically be the result, with potentially significant impacts on appetite regulation. 51 The potential effect of delayed sleep onset on leptin secretion in children is an important area for future research.
Longer sleep duration has also been associated with a greater amount of exercise, 55 although the direction of the association remains entirely unclear. It is possible that greater sleep duration leads to a higher likelihood that the child will be more physically active, which leads to a lower risk for overweight. Alternatively, more physical activity may both increase sleep and reduce weight gain. Notably, several previous studies 56 , 57 of adults that tested physical activity as a covariate did not find it to be a significant contributor to the relationship between sleep and obesity risk. Ultimately, additional research is required to characterize better the physiologic components that contribute to the association between short sleep duration and overweight risk and to shed light on the preferential role of bedtime as opposed to wake time in driving the association.
In contrast to the findings regarding sleep duration, this study did not detect an association between the mother's report of the child's having sleep problems and likelihood of overweight in 6th grade. To the best of our knowledge, this is the first study to examine this relationship in a large sample of US children. Our findings are in agreement with studies 7,15 of adults and adolescents that also did not detect an association.
There were several limitations to our study. The version of the CSHQ used in this study was modified from its original version for which psychometric data were available. The ability to compare results of the CSHQ in this study with results of other studies using the original version is therefore somewhat limited. Objective measures of sleep problems such as polysomnography were not performed, and no questions were asked about snoring or breathing difficulties that might suggest undiagnosed obstructive sleep apnea, which is known to be associated with overweight status in children. 26 These questions deserve additional research. Parental weight status was also not available in this data set, and it is possible that this may have acted as a confounder.
Decreased sleep quantity and poor sleep quality have been associated with increased aggression, conduct disorders, impaired working memory, and poorer academic performance in children and young adolescents. 50, [58] [59] [60] [61] [62] It is important to note that no study to date, including this one, has established a causal relationship between sleep deprivation and increased obesity risk. Observational studies such as these can establish only that an association exists; therefore, interpreting causality should be done with caution. Nonetheless, this study suggests that an increased risk for overweight is yet another potential consequence of short sleep duration, providing an additional reason to ensure that children are receiving adequate sleep, primarily through enforcing an age-appropriate bedtime.
Despite these associations and the increasing prevalence of long-term sleep deprivation in children, the 2004 Sleep in American Poll 4 found that only 38% of parents with school-aged children reported that their child's doctor asked about sleep habits. The many apparent associations between adequate sleep and optimal functioning of the child in multiple domains, including overweight status, support the importance of including a discussion of an appropriate bedtime during visits with pediatric providers. From a policy perspective, our findings also provide additional support for policies that propose later school start times. The very early school start times for US adolescents have raised concerns in the pediatric community because of their apparent adverse impact on sleep duration and, consequently, children's general academic and behavioral functioning. [63] [64] [65] The results of this study suggest that a reduced prevalence of overweight may also be a positive outcome of such policies.
APPENDIX: SLEEP PROBLEMS QUESTIONS ON CSHQ
1. My child goes to bed at the same time each night.
2. My child falls asleep within 20 minutes after going to bed.
3. My child falls asleep in own bed.
4. My child needs me or another parent in the room to fall asleep.
5. My child is afraid of sleeping alone.
6. Getting my child to bed at night is a problem.
7. My child sleeps too little.
8. My child sleeps too much.
9. My child sleeps in someone else's bed during the night (parent, brother, sister, etc).
10. My child complains about problems sleeping.
11. My child awakens during the night screaming, sweating, and inconsolable.
12. My child awakens alarmed by a frightening dream.
13. My child awakes once during the night.
14. My child awakes more than once during the night.
15. How much of a problem are sleep wakings for you?
16. If your child wakes during the night, how much time does the night waking usually last?
17. My child wakes up in a negative mood.
18. My child has difficulty getting out of bed in the morning.
19. My child takes a long time to become alert in the morning.
20. My child wakes up very early in the morning.
21
. Getting my child up in the morning is a problem.
22. My child naps during the day.
23. My child suddenly falls asleep in the middle of watching television, readings in a car, or other daily activities.
24. My child seems tired during the day.
25. Daytime sleepiness is a problem for my child.
